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The pT^sent iiiYention concerns class il cytochrome P45Qs, electroebemieal 
systems for assaying cytoclirome P450 ci^i^lytic activity ^ ^5pafatus arid mejJiods for 

Cytochromes ¥450 constitote a large iamily of haem tiiiolate enzymes, 
found in bacteria, iiogij. plants, msects and animals, wMch catalyse a wide moge of 
reactions, Inoluciing hydro^o^'^lation of alipliatie & aromatic earbons, epoxtdatiori, 
oxidative deaminadon, s^lphoxide fbnnation^ N-oxidatiQii, M-liydrocylation;, 
delialo^nalion and and S-dealkylatlon. Tbese diverse reactions all arise from the 

iaci thai eytociiromes F450 are veoatile oxygcn-actwation catafy^^^ whicliiECoiporate 
OBe atom of molecular oxygen into a broad range of substrates with concomitant 
redaction of tJie other dx^^gen atoxn to water> li^ese eri^^mes play impDrtant roi^e^ in thp 
biosynfeesb of secondary metabolites In plants, in steroid m^t>olkm in fiuigl apd 
animals and, notably, in xeiiobiotic rnetafooiism. 

The congiderabie diversity of F450s resnfts iii man being able to inetaboiiae 
a wide range of foreign chemicals > M^bolism by W45Qs lias a in^or influence oa the 
pbarmaco-toxicofogical prc3perties of therapeutic drags, and consideration of this 
Eietaboiism m a key pari of the drag design process. Furtbermore, several P450s are 
polynio^Mc in tfee byiiian population^ resulting in individuai differences in drug and 
toxin meM>olism. In a diHerent spheK, the ability of eytoch^ to bydixj^ylate 

Hiiactivated carbons suggesCs that they have potaBtial applicatioBs in synthetic obemistry. 

In vim ?450s reqijire other protems as electron donors. The class I 
enzymes (most bacterial P450s, aiid iie mttoc^oednal Meroid-metabollsiBg enemas) 

require an NADH-depandent reductase and an iioo-snlphur protein, whik the class 11 
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enzymes fi?.g. the mammaliaB drug-metabollsiiig en^mes) simply require ailavoprotein 
NADFH-depmclent rediictase, TBe mairim^im dr^g-metabolismg mpoo-oj^geiiase 
system tfeus consists of HABFH-cytochm reductase arid a Biiiiiber of difJbreot 

F450B, all of which aife b to tfee m^ibmnes of the endoplasmic reticulum. (By 
mmvm. the only known bacterial class U P450, P450 BM3 fCWMIj ftmnBacUius 
megaiermm^ is a soiiibk enzyme havmg both F450 and NADFH-c^^tocferDme P450 
rcduclase activities in a single poiyp€?ptide eh 

The assay of cytqcjiromes B450, for example to study the metafeolism of a 
new therapeuiie agent lias classically iu^oived incu^^ caodidaJe siifestraie w 

a microsomal membraBe prep &om the ceils of interest, together with HADFH as 

m electron soon:e, Mlowed by chixstnato ibrmalJoft; Became 

several diliereiit P450s are expressed in most cell types^ it is difBcisit in Jiis kind of assay 
to ideiit!:^' t^^ specific P45Q(s) msponsib met^oilsin 0f pompoood of interest. 

More recmtly, thei^lbre, individual reoomMnarit P450s expressed m 
bacteria, yeast insect or mammalian cells (see, fo^ J. et al.^ 1995, 

Ano. Eev. PliaiiBaeol> ToKicoL, Mr 369-390: Fritchard, F. ei ai., 1991, Areh. 
Biochem/Bjcsphys* 345:342-354: Guenferich^ P. et al* 1997^ Cutiv DpiiL BiotechiioL. 
i: 623-628) ha^cs been mcd, m mmUnm^0i^ with ei^d0ge«OH& or r^pmbinant F456 
reductase^ These assays ha^e generally also iiivolved chromatograpfei analysis; while 
NADFH coBsiimption ean be followed specti^botomsetricaily, the coupling between 
M^5m.& M Ptt^dt ict is variable ^ g T ^d hsmm M4DFH CQnmmp ticm 

It has recenlly been shown that electrons can be sHppMed to P450 redyetase 
elec^rDchemicaily fixsp> a plsifctim rneans of a mediatxH; cobalt sepiilchrMe 

(Eslabroofe, R> W\ ei al, Metk EiizymoL, 222: 44*51), md on the basis of this systems 
h^e been developed in whkh fusicM pmteins comprisi NABFH-cytochrome P4S& 
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reductase and a class ii cytochrome P450 can be driven electrachemieally (Estabroq^ 
R. W. etal Endocriiie Res., 22; 665-67 1). In tlw ease of the gtiite different Mass 
I ?450s, it has receEtly beeii shcHvn tfeaJ^^ cm bp suppBdi eiebtrocfeeBiieaily 

either ^la putidaredoxin (Reipa, V. et al, 1997, FNAS USA, §4: I3554--135Sg) or 
directly to the P450 if the latter is immofoiiised in a ipd film (Ehaag, a/., J. Chern. 
Soo. Faraday Trans., g2: l 76f-1774X 

The present indention overcomes the prior art disadvantages, partieularly 
those associated with the use of a P450 reductase to supply eJeetrom to a P450, and 
provides simple aod eoD^em^ md BrrmgmimiB l^r supplying eiectroits to 

class II pytcjehromes P450> partieuiarly Ibr assaying l?4S0 activity, 

Altfeoiigh it has not previously been possible to supply electrons to F450 
eytoeiiromes without the use of P4S6 reductases, the present iiivenlion obvlMes this need. 

Thm ^cording to the presetit inventloB tiom is provided a class II 
cytochrome P450 atlaehed to a graphite electrode. In contrast to the prior art this 
attachment does npt require P450 rcdiicta$e and provides a suhstaiitial advantage 
o^er the prior Ml, 

The F450 cytochrome is attadie^ thai upon calalysis of a reaction by 
the eiigymev electron flow occurs from the electrode to the enzyme. 

The F45D cytochrome may be attached to the electrode ma dodecyl 
dimethylamrnomufii bromide (DDAB). it may be attached via other amphiphiiic 
motecoies which are msoiubie in aqueous solutions. Such molecuies are well knov^^n md 
will be readily appareiit to one skiiied in the art. They Mciude Hallon (RIM) and 
phosphatldyicholme. 
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Also provided aeppi^ing to the preseat invention m appamtus for 

dei#niinmg the II P45C> cytochimne, cornprisitsg a oeli havmg 

a ^siphite electrode ^h^^ it tfee cjtoehrome F450, and also having electron 
flow cletectiQn means. 

The mventors hav^ also fouiid that It is not necessarj' for tlie P450 
cytochrome to fee boiind to an electmd^j aiid thus also provided according to the present 
invention is apparatus detecting the catalytio^ of a class H P4 SO cytochrome 

coii^rising a cell having a modified gold electrode contacting a soliHiqn containing iKe 

tlie gold eiec^ode may be coated in 2,2-dltfeiodipyri dm (Adrithiol) or by 
other polyfcnetioiial molecules wMcli ean be adsoibod onto the elecitode and also 
iirteract speoiScally with the eytodiiome P4S0. Ihe^e molecules will be readily afspamit 
to 6m skliled in tlse art, and Ipoludfe tfeose comp€iirids diseiqsed as "liie^iators'' by 
Ghitstenseo, F,A> and EaiBJiett, A. ('"Technk|ues and J^cliamsms in Electrochemistry'^ 
1994, Black%vell Academic Press, London, pp. 356-3 ?3) which is incoiporated bereia by 
lefereoce io its cnlireife The polyfcnetioimi molecuies may have fe^ structure of ■'lype 
ooBipoimds diseussed by ChristenseB aBd Hamnett (supra) and Aflen, P.M. ei aL^ 
1984, J\ ElectroaRaJ, Cbem-, 17^: 69 which is mcatporated herein by refereiice in its 
eotireity . Xhe cornpounds may include 1,2 bis(4-pyridyl) ethylene, 4 J' bipyridfee, bis 
1^-pyridyl) bisolpiiide^ or 4 mercaptopyridine. Such modiSed gold eleclrodes are abie to 
siipply electrons to the cytodhrome P450 yet do not Eieed to be attaclied by stroiig 
chemical bonds to die eytoclirome HSG, 

Compounds suitabie lo act as mediators of electron f!ow &om and electrode 
to an en^^me are ako disclosed fey R.W. M^ Chesn. Res. ^1980, 13^ 135) which 

i$ incorporated In its entirclty hereiB by reference. 
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Genemily speaking, cells may be three-eleclrode e^lls ha^^ 
eiectrodg as desorifoed above (i.e. gr^pMte or go|d) and second and third electrodes 
cdi5>prishig ^ .^titrated caloihe! woiking ^bctrode aiid a p^tmu wire couBter-'electrode. 
Namirally, cb^ efsxtrode shoiiid contact &^ solution tO: be tested for tlie presence of a 
substrate for the F4 50 cytochrome, 

Tbe electron flow detaetipii means may nionitor eorrent flow or may 
detenBiiie a Bimdy state c^ycilc yoltammo^am, for example over the range -ftJV to 

Tke cytoel^oiiie iM50 o^ ai.so resttit m the generation of 

peroxides, essentially a sMe-pmd\K:t wh:en It^^^i desired to assrn^ llie generation of a 
specific product resulting Irom catalysi s. Tlie generjitian of peroxides results m electron 
flow atiid tte affects tlie restilts obtained by tlie appamtiis. Thus tbe apparatus may 
addMoiiaily comprise mesm^ for detectm^ peroxide Bmh means are well 

kn0\\^ aiad mdtidfe c^loinrimetric pero?dde assay means and fluorimetrk peroxide assay 
meaxis. Mtemaiively, it may comprise m electrode whicli deteets pero^cide. Tliiis tbe 
eleclron Sow required for the assayed peroxide gei^eratioo eao be siibtrad:ed imm the 
total electron flow and a more accumte measure of prodyci foniiMioii obtai^^^ 

A range of applications exists for the presexit invesition, patticiilarly for tbe 
screening of novel compounds as siibstrates to a cytochrome P450 and for tbe Bse of 
P450 catalvsis in SYotlietic cbemistr)^ For example a bigb-tbroagbp6t screexiing system 
for F450 substrates could be readily created In tbe case of using P450s for syetbetie 
ebemistfy, tbe ability of F450s to catalyse hydroxylatloo of unactivated carbons, togetber 
with tiieir broad subsirate specificily, makes th^ attractive tools for syotiietk chemistry. 
Hcywever, te^^M of ^IAD^K to date tia^ered tbis. The abiiity of iixe present 
ipveMim to ddve reactiom e!e<^^ now makes tbeir Bse more commercially 

attraptwe. 
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Tlias the present m^emion also provides a metfaod of determining the 
catalytic atetiYity of a ci^ cyticfenm^ P45% pomprisiogthe use of appitra^ 
to tJie |>resesrt ixsveritloii- It may be a raettiod for deterniiE^ whether a givm compoimd 
is a substrate ibr a class K <?yfeclimm€ F450. 

Also provided is a method of perlbiminf a synthetk Ghemiml resctiaa, 
Gomprismg the use of apparatus aeoording to the present mventioii, 

Oie mveation will be ibr&er appai^m from the fbllowing description,^ w by 
way of example only, forms of electroehemical Msays, 
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eyt0qhi^m€$ P450 BM3 and P456 3A4 were ex|5ressed: m& puriSed as described Mow, 
Electrachemieal Assays were performed usmg both eozyme iniBiobilised oe a graphite 
eiectix)ile and also eixzyme in solution with a modified gold electrode. The results 
showed tbat they we^e accurate ass^s for F450 catalytic aetmty. 

Eipress^ioii pyrifieatiois of cyfDC^ 

A niimber of different procedures have been described fer the piirilieatioB of 
rccombmaiit c5l:avhron)e$ P450 from difi^rent scmrces. The pmcediires lised to obtain 
the |)x0ieins jised IB the presertt work arc described briefly by way of iltastration; any 
Q&m e^|?ression and p^riflcatiofi procedure which yields piire soliibilised 
P450s would foe equally satisfactory. The expression and pimfication^ of B. ixiegateriom 
P450 BM3 has beeo published (Modi, et aL, 1995, Bioohemisti^^, 34: S98i-898§), md 
is Ifeerefore only siimmmsed briefly; die ptirilication of hiJinan P450 3A4 is mt yet 
publisfaed and is therefore givcji in more detail , 

meg0ermm^tmMmme F450 BM3 
The K mli pimmid pJMlQ^ imaoding the expmssiori sy$tem for the haem (P^5Q) don^in 
of cytochrooic F450 BM3, described in (Miles, J;S. et aL, 1992^ Bioohem. 2M: 
503-S09), was oblained. Ilie host strain used was E co/f XI. Blue i {supE44, hstiEll, 
recAl, enddl, gytA46, iM^ reML lacf F IpmAB' iacW kicZDMlS TnW (,mf)]). The 
expression and punf5cation of the proteih has preyiously been de§eribed. The 
tras^fbnned cdlE wer^ in TerriSc Brc«h itiediinn cc^taining SO ^gj%iil aiBpicillin 
and 50 i^ig/ml iPTG. The cells were harvested by oeiitrifugation at 10,000 xpm for 15 
niioutes and the lesuspeiided cells broken by passage twice through a French Press (2.5 
cm id X 17 ciB, Power Laboratorj'^ Press,. Americaii Instruoient Co. Celi lysates 
were fraedonated by ammoBitim sulphate precipitation* followed by Ion e^^ehaiftge 
clm>ma&>graphy on aDEA^ SephacelCPharmaciaLKB)^ on 
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a aj^dro^apatite eolumn (Bio-Rad) and, fimlly, by gel iilti^ion a Sepfaacryl S300 
(Fhamiacm LKB) coluirm. This resulted in feomogmous active protem as siiowB by 
SOS-PAGE (with Coomassie blae stainiBg), by electrDspray mass specm)metn^, by the 
ratio of absorbanee M 418 niTi and 280 om (where a ratio of > L7 is cbaractenstic of pure 
prcjteio). md by tlia absence of any absorbai^ee band ^ 420 pm m Ihc CO cc^l^ of fee 
reduced eiiEyme. Frotein concentratioiis were measured by tite metbod of Qmura aiid 
Sato (1964, 1 Biol Cbcm.. 232: 2379-23S7} using a value of € ^77 J mM^^ cm:^ at 418 
iim> 

Biim^ii ^^ytoelirome F460 3A4 

The E. mil i^lasmid pCW-3M0mp^i:s6/e^ expression sysiem for hiiman 

c>^0chrome F4S0 3A4, deseribed by Fritdiard, et aL,(l997, Arch. Biochem, 
Biopbys., 345: 342»354)^ was obtamed. The host strain used was K coii JM109 
(?romega). 10'- 12 single colonies of E. coM JMI09 tr^is&rmed wltb the plasmid 
p€W'*3 A4ompAbis6 were poked ^om a &esbly streaked plate aiii mocylated iisto 50 ml 
Modified Terrifle Brotb (per iitre: !2g. 24g yeast extract, 2g peptone, 4 ml glycerol, 17 
ibM potassium di-liydrGgen ortliopbospbate, 72 mM di-potassium hydrogen 
orthopbosphat^) supplemented wi& i inM tbiamme^ trac^ elements (6,1 mg/i iron (HI) 
citete« 0,43 iiig/l zmc ehlodde, 0.5 i?ig/l cobalt cModde. 0>5 

0.25 mg/l eaJemm chloride, 032 mg/l copper chloride acidified with SJ 3 mg/l boric acid 
and 25 |xi conceetrated bydrachi^^^ acidX 50 j^g/inl axupicillin and 1 mM 6* 
aminolevulmic acid. In a 250 ml flask. Cultures were grown at 37^C m a sbakmg 
mcubator until reaclimg m OX> at 606 am of 0.6^ at wbicb polist 
isopropyl&io-p-D-galactopyranoside Cplbco) was added to a final conoeEtmtion of I 
ihM^ and the cultures were grown oe for 20 hours in a shaking inciibaJ^r M SO'^C. 

Cultures were transferred to 50 ml Fulcrum tubes and cooled on ice for IS ismim prior 
to pelleting the ^db (20 2S0Q g, Sorvall RT7 ceiilii fbge). The eelM 

were resaspeoded io 5 ml 2xTSE buffer (IQO mM Tris-aeetale, 500 mM Sucrose, 0.5 
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mM EDTA, pH 7.6), diliuted wMi S mlsXpni^ water after resuspension. Lysozyme was 
added from a fr^h IP mgml aguepus solution to a concentration of 0.25 mg/mj and llse 
ceils swirled gently for 46 mmiit^ at 4''C. Th^ spheropliists were spm down: (20 
minutes; 3000 rpm, Sorvall RT? Ceiitri&g^), tbe supernatant discarded and resuspencied 
m IPO mM potassium plios|)hat^s 6 mM xBagoesium acetate^ 20% v/v glyeeroi 0. 1 mM 
dithiothreitol, pB 7.6, Ffeenyimethyi salpbooyi iloonde yPMSF) was mdded to I ibM and 
the celis were lysed by sonscation (SGE Soniptep, 4 x 20 sec bursts, fill! pow^. Cell 
debris was spun down (2d mfetites, SdOOipm, Sorvall ET7 Gentrifoge) md Eniulgen 911 
was added (0.1% v/y filial cmceritration, 10% v/v aqueous stock). Tii^ detergeiil/lysate 
solution, was swirled at 4''G for 45 mliiu|es belpre p^lietmg the msoluble material by 
ulttaeenirifiigation ^Sorvail Ultra fm 80 iilam^$ntrifuge, 60 minutes, 110,000 4*C), 

A 1 ml Hi-Trap Agarose column was charged with 2 ml 100 mM nickel sulphate and 
w^hcd with iHifjfer A {20 mM potassium phosphate, 600 mM potassium ehloride, 20% 
"^•'^v giy wpl, pH 7.4). The soiobilised lysate solution was passed down liie column wMdi 
was then washed with 5 eolumn ^^oiiimes tafler A tkm 10 column volumes of feiif&r A 
contaioing 75 n:iM IniidaEole. Tbe purified protein was eloted witk buffer A coiitamiug 
I M imidazole, the eluate beiEg clearly id^dfiable by its imense red coidisr. Th^ protem 
soiutkm was diluted 20*foM in buffer A md dialysed in prewashed EDTA-treated 
dialysis tufemg agamst 2 L of buffer B (20 mM potassium phosphate, 0.2 mM DTT, I 
mM EDTA, 1 mM ben^amMme, 0.05% Emulgeo 91 1, 60 mg/ml PMSF, pH 7.0) md 
loaded OD to a Mono S (Pliarmacia) coluim The colenm was washed with 60 ml of 
buffer B and die F45D 3M was eluded ivitb a Iiuear salt gradient (O to 0.2 M KCl) in 
buffer B, TMs resulted lu hooiogenous active proteifi, as shown by SPS^PAGE (with 
Coomassie blue staining), by the ratio of absorbance at 418 nm and 280 nm, arid by the 
abseo ce of any absorbaBce band at 420 am m the CO compile of the reduced euzyme . 
Proteiii eoncentratsoBS were lueasured by the method of Omura and SM<> {sipra% 



Eilectri^ch^mm^l assaj^ systems 

Two different xnethods bave been developed for tlcctrmhmmmt assay of P450s 
Use of eB:^me Immobiiisted grapfeite c^lectrode. 

A gra|5liite working electrode (0.2 ciir sur&^e area) was pi^M^eid lw^ first witii 

1 pm mdlhrn wife 0.3 \m alismma powder, A siirfacMnt coatmg was then cast onto tfee 
grapfeite suiface by appiying 10 |il of QJ M didod^cyidimetbyfemm^ br^imide 
(DDAB) m diehbroeihane; the diebloro^ane was evapc^ed gm^ Tlie 
DDAB-grapMte electrode was then coated with protein by placing it in a soiution 30 
pM cytochrome P450 in O.I M potassiuBi phosjA^ pH E.0,1br 2 hours. 

A three-eles^de feel! was med, employ iag a s^ittated oaiomei working electrode, a 
platioiiiB wim eoimter electrode and the eozyinc-DDAB-grapiiite working ekctrode. The 
soiisticm m the cell was 0,1 M potassmm pfeosphate bufifer, pM 8 A The potential was 
sc^siHied betw^e^ iie iimits -^0.4 to -0.4 V SCE Bi^ii a steady state cyclic 
voltBrniiiogram was obtaiiied. A Marik current was obtained by seaonjiig the potentml 
bctweeii the above limits at 0,1 V s^^; three scans were a^eraged^ and the ciirrent at the 
minixnoni of the cyclic voltammogram was measmed; lie experimcnS: was then repeM^ 
m the pre.se0C€ of stihstrate^^^^^^ biM). and the differeiice between the eiixtent at 

the imnimiim of the cyclic voltaiimiogfiffi^ aiid ahseBce of st3bstrate%¥as 

tak^n as the assay reading. 

Use 0f a modilieil gold electrode 

A gold electnsde (0^03 i sisrMe area) was it in a solutioii of 0 j 

M Adrithio! (2,2*-dilhi0dipyridine) in dichloroethaiie Dvemigjit. The dicbloroethaiie was 
allowed la evaporate by standing the electrode in air fer 1 0 miDiites. 

A three-electrode cell w^as usedj employ mg a satiirated calomel working electrode, a 
platiimm wim coiMierelec&^e and the modified gold workiiig electrode, ilie soiiition 
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m the cell was 0> I M potassium pho^haie buffk^ pH 8>0^ €or£tamiog.^t^^^ jiM 
enzYme. TIte potmtM was seaimed between the limits -^0.4 to «0.4 ¥ vs, SCE until a 
steady Mate cyclic voltBmmagmm was dbtaked. A Maak coxreiit was obtained by 
scarming the potaitial between the above limits ai 0.1 V s'^ ; three scans we:Fe averaged, 
and ihe cuirent at the roiriioium of Ijie qyplic voltamtiiogrmii was measured. Tin 
experims^i was tlieit repeated in the presence of substrate (typically 1 ibM), a^il t&e 
difference between the ciirmii at tlie piinimiim of the cydic \^oitaii!mogra^ m the 
presence and abseiiee of siibstrate was takeB as fee assay reading. 

When it was desired to accumtiiate syfficieM pn>iiucts fer analysis, the e>q>erimera was 
nm as described, using either type of deetrode,^ was mamtamed 

at a fixed value witbin the above limits fo^ the neccsssary ifoie period. Hie electrodes 
were then removed md fee products extracted from fee reaction mixciire with etlxyl 
aeetale, Ater evaporatioB of the ethy l acetate the products were sqjarated by HFLC and 
analysed by gs^ etiromatography - mass spectf omett>' and/or nuclear nia^^etie r^^ 
spectroscopy. These analyses demonstrated feat the same prodocts were obtained from 
the electrochemical assay as from the CDnyentional assay employix^g NAPPH aijd 
NAOPII-cytochrome P450 redactase. 
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ChAm^ 

iv A okss fX c^^tochrpnife P450 attadbed to a ^pl^lte electmde* 

2. A class II eytodlironie F450 afecording to claim 1^ the cjtoolirome P4SQ 
being attached Meli that upon catalysis of a reaction by eK»me, eketw^^ fiow oqcors 
frc^m tM deetrode to the ensMiie, 

3. A class II €¥tochroiDe P45 Q eujcordiiig to eithei- one of claims i or 2, the 
cytociirome P450 being attached to the el^trDde mr didodecyldlmetbylam^iicM 
bromide (DDAB). 

4 A class II cytodirome F459 according to any one of the preceding c| aims, 

the eBZj^me BOt feeing used ia coiyimctbE with P450 r^dtietase. 

5, Apparat OS for deterrnining flie catalytic activity of a class II cj^oehrome 
P450, comiHismg a call haviisg a graphite electrode having att^ it th^^ €ytoiim>m^ 
P450^ and also having eiectrois flow detection means. 

6. Apfsamtus aecerdisigto claim S^the cy^ochrDme F450 being attached to tlie 
grapMte electrode via DD AB. 

7 . Apparatus for deteotmg th^s cata^ic a^^^ of a eiass II pytocbroiBe P45 0 

comprisirig a c^ll having gold electrode oorttactlng a soMioa comalning the 

eazyme. 

Apparatus according to claim 7, the gold eieca^ode being cpaied with 
2^2«dltfeiodlpyridisie. 
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9. Apparatus aQcording to any one of claims 5-8, the eeil being a three- 

elec^trode cell, the oth^ ei^otrades being a saturateil oalome! \vorfcmg electrode md a 
platmum wire oounter-^oiectrode^ 

1 G. A|>paratus accomiiig to aoy one of claims 5-9v the eleetroii flow d^^tection 

means determming a steady state cyclic valtanimograiBv 

11 > Appsaratus according ot any one of daims 5-10, adcfitionally comprising 

peroxide fbraiation d^tectioii meaiis. 

12. A m^ttiod of determmmg the catalytic acti\^ity of a class II cytoehrome 

P4 50^ comprising the use of apparatus acc^ording to any one of claim 5-1 1. 

!5, A method accordmg to claim 12, befeg a method of determming the 

specificiiy of the class Ji cj^octeome P450 for a given suk^tram. 

14. A iBelhod of carry ing oot a synthetic chemical reaction, cceiprismg t^^^^ ese 

of apparatiis ^cordmg to any one 5-1 L 



